E lectrocardiography (ECG) plays a pivotal role in clinical decision making. Several studies indi cate that T wave inversion, ST segment depres sion, ST segment elevation, peaked tall T wave and the early repolarization pattern are more prevalent in some ethnic groups.1-4 Controversy over the occurrence of such inter-ethnic differences exists1,5,6 as it is difficult to adjust for socioeconomic, environmental, nutritional and occupational factors that may independently affect the ECG.1-7 In addition, most studies have examined random cross-sections of populations so that the observed ECG differences reflected both potential inter-ethnic variations in the ECG and the different prevalence of cardiovascular diseases in these groups.1, 8-10 Moreover, though ECG dif ferences between black and white populations have been studied extensively,5,6 few studies are available in other ethnic groups. 11, 12 We compared ECG wave amplitudes in a group of healthy adults from different ethnic groups with similar socioeconomic, nutritional, environmental and occupa tional conditions. Interval and axes measurements were analyzed separately.13, 14
Methods
The ECG files of employees of a company in the Eastern Province of the Kingdom of Saudi Arabia and their de pendents were reviewed. Employees and dependents lived in the company's residential complex, which included rec reational facilities, schools, shops and health care facilities. They had similar socioeconomic and nutritional standards. Permission was obtained to access and collect data from the central medical records room.
The first consecutive thousand ECG files in the record room were reviewed retrospectively. Files were arranged ac cording to employee numbers in the firm. Only ECGs of healthy adult subjects, aged 15 to 60 years, were included in the study. Subjects were excluded if they had hypertension, diabetes mellitus, chronic airway disease, chronic anemia, connective tissue disease or chronic use of any medication. All ECGs were performed in the course of routine preven tive medicine, pre-operative evaluation, or trivial illness. If an ECG was reported by the automated analysis as "abnor mal", the patient underwent echocardiography and stress ECG as a matter of routine. Only those individuals with normal findings on both were included in the study.
Resting ECGs were recorded in the supine position by trained and licensed technicians using a 3-chan nel machine (Hewlett-Packard, Pagewriter XLi-Model M1700A). From this recording, integrated analysis software performed the interpretation. All ECGs were reviewed and wave amplitudes were measured manually by one of the authors (I.M.) using the Minnesota Codes definitions and standard of measurements (Addendum). 15 The mean T wave amplitude in the inferior leads (II, III, aVF) for each individual was calculated as a single value. Similarly, the T wave amplitude in each of the pairs of leads (I, aVL), (V3-V4), and (V5-V6) was also calculated as a single value for each pair, to limit the number of variables. T wave amplitudes were approximated to the closest 0.23 mm. (based on calibration of 1 mV=10mm). The T wave was considered diphasic when the negative phase was > 1mm (Figure 1 ). The Sokolow-Lyon voltage (the sum of the amplitude of the S wave in lead V1 and the amplitude of the R wave in lead V5 or V6, whichever is greater) was measured. 16 Early transition was defined as in Minnesota Code 9.4.1: QRS transition zone at V3 or to the right of V3 on the chest (Figure 2) . A high ampli tude R wave in the right precordial leads was defined by Minnesota coding 3.215,17: R amplitude >5.0 mm and R amplitude ^ S amplitude in the majority of beats in lead V1, when S amplitude is > R amplitude somewhere to the left on the chest of VI ( Figure 3) .
Analysis of results for male and female subjects was done separately for each group. One-way analysis of vari ance (ANOVA) was used to test for differences between the means of various measurements. Tukeys analysis was performed if ANOVA indicated the presence of a sig nificant difference. The Kruskal-Wallis test was used for comparing ranks of T wave amplitudes. The Chi-square test was used to test the differences in the prevalence of dichotomous factors among groups. 
Results
Out of one thousand ECG files reviewed, 597 ECGs were included. The most common causes for exclusion were age less than 15 years or greater than 60 years, diabetes, hy pertension, and ischemic heart disease. The study popula tion belonged to six ethnic groups: 350 Saudi Arabian, 95 Indian, 39 Jordanian, 17 Sri-Lankan, 39 Filipino and 57 Caucasian; 349 were males and 248 were females.
For males, ages were similar across all ethnic groups. For the QRS complex, there was a statistically significant difference in Sokolow-Lyon voltage among different ethnic groups. Filipino males had the highest voltage, whereas Caucasians and Indians had the lowest voltage (Table 1) . There was no statistically significant difference in the in cidence of late transition patterns. There was a statistically significant difference in the incidence of the early transi- tion pattern, which was least common among Saudis and Jordanians (Table 2 ). There were statistically significant in ter-ethnic differences in T wave amplitude in leads I, aVL, and V6, as well as in leads V2-V5. Diphasic T waves were in QRS voltage among ethnic groups has been reported previously. This was best described in black Americans versus white Americans. 6 present in 12 men in lead VI, in 4 men in lead V2, and in one in each of leads V3 and V4. There were no ethnic dif ferences (Table 3) .
For females, ages were similar among ethnic groups. For the QRS complex, there was no statistically significant dif ference in Sokolow-Lyon voltage (Table 1 ). There was also no statistically significant difference in incidence of early transition or late transition patterns. There were differences in T wave amplitudes in leads II, III, aVF, and V2-V6. T wave amplitudes were similar among ethnic groups in leads I and aVL. Filipino females had the highest median T wave in leads V3-V4, and V5-V6. Saudis and Indians had the lowest T wave amplitude in leads II, III, aVF, V2, V3-V4 and V5-V6 (Table 4 ). There were no diphasic T waves in females in any ethnic group. only normotensive individuals.
A prominent R wave in lead V1 may simulate a prior posterior wall myocardial infarction. Few studies, to our knowledge, have compared this pattern among ethnic groups. We found that the incidence of early transition pattern and a high R wave in lead VI were different among ethnic groups. Sri-Lankan and Indian men had highest prevalence of such patterns, while Saudis had the lowest.
The incidence of T wave changes varies among differ ent ethnic groups.1, 4, 27 The incidence of inter-ethnic differ ences in T wave changes is higher in younger age groups.1 In our study, T wave amplitude was different among ethnic groups. Differences in T wave patterns among ethnic groups are usually reported according to the Minnesota Codes. However, the lead in which T wave abnormalities appear is not represented in the coding system. Also, all anterior leads (VI-V5) were grouped together. In our study, racial differ ences in T wave amplitude were present in the inferior leads (II, III, aVF) in females, in the lateral leads (I and aVL) in males, in leads V2-V6 in both males and females, but were not found in lead V1. Walker and Walker also noticed no ethnic differences inT wave height in lead V I.1 Describing ethnic differences through single Minnesota Code for all leads may not be sufficiently descriptive.
Discussion
Normal reference values in ECG parameters have been largely derived from Caucasian populations. Controversy regarding inter-ethnic differences in ECG patterns makes extrapolating these parameters to other ethnic groups prob lematic.1, 18 Our study addresses the issue of inter-ethnic difference in amplitude measurements of ECG waves.
We found that Sokolow-Lyon voltage differs among dif ferent ethnic origin in men but not in women. Difference Filipinos had the highest median T wave amplitude in leads V2-V6, and Saudis or Indians had the lowest T wave amplitude. Lower median T wave amplitude may increase the likelihood of having flat or inverted T waves. Many studies used such T wave changes as markers for coronary artery disease in Caucasian populations.10, 28 This finding was then applied to other ethnic groups.8 Our observation suggests that minor T wave changes cannot be applied to other ethnic groups in whom the incidence of low T wave amplitude is common in normal healthy adults. A diphasic T wave, however, was an uncommon finding in males in leads V1 and V2, and rare in leads V3 and V4 (only 2 ECGs), with no ethnic predilection. A diphasic T wave was not found in females.
There are clear ethnic differences in QRS voltage among the ethnic groups studied. Filipinos had higher Sokolow-Lyon voltage, and many of the normal Filipinos in our study would meet the voltage criteria for left ventricular hypertrophy of 33 mm. Inter-ethnic anthropomorphic differences, which can contribute to ECG amplitude differences, include differ ences in fat distribution,29 differences in height, body size, and weight-stature ratios.30
The limitations of the study included a small number of subjects in some ethnic groups, which may have limited our ability to detect differences among ethnic groups. The small sample size also did not allow stratifying participants by age, which may have yielded more reliable comparisons, even though the mean age was similar in all groups.
In conclusion, QRS voltage varies significantly among ethnic groups. These differences should be considered in defining ECG criteria for left ventricular hypertrophy.The pattern of high R wave in lead V1, which may be occasionally confused with posterior myocardial infarction, may be more common in certain ethnic groups. T wave patterns differ among ethnic groups. Minnesota coding is not descriptive enough for comparing ethnic differences in normal patterns of ECG patterns. A diphasic T wave is not found in normal women and is uncommon in normal men.
